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the computer results of a gasdynamic and thermochemistry computer program 
for high-temperature gas or gas mixture. Documents basic to this series are 
TR 32-1350, A Program for Computing Shock-Tube Gasdynamic Properties, and 
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Abstract 
Equilibrium thermodynamic properties and species concentrations for carbon 
dioxide are tabulated for moving, standing, and reflected shock waves. Initial 
pressures range from 6.885 to 6665 N/ma (0.05 to 50.0 tom), and temperatures 
from 2,000 to over 80,000K. In this study, 20 molecular and atomic species are 
considered. 
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Shock-Tube Thermochemistry Tables for 
High-Temperature Gases 
Carbon Dioxide 
I. Introduction 
In many shock-tube experiments, the properties of 
high-temperature gas mixtures are needed. Recently, a 
gasdynamic and thermochemistry computer program 
(Ref. 1) was developed at the Jet Propulsion Laboratory 
to support aerothermodynamic research projects. The 
series of volumes that comprise this report presents 
the computer results for various high-temperature gases; 
this volume presents the results for carbon dioxide. 
Equilibrium thermodynamic properties and species 
concentrations are tabulated for three shock-tube regions; 
i.e., behind the moving, standing, and reflected shock 
waves. This document is the fifth in a series of reports 
dealing with gases or gas mixtures. The first volume 
covered high-temperature air (Ref. 2), the second de- 
scribed a simulated Venusian atmosphere (Ref. 3), the 
third presented results for the noble gases helium, neon, 
and argon (Ref. 4), and the fourth volume was for 
nitrogen (Ref. 5). The procedure for calculating partition 
functions and thermodynamic data is presented in Ref. 6. 
Twenty species are considered in the calculations; they 
are listed in Table 1. The initial pressures considered are 
as follows:' 
N/me torr 
The temperature range varies with initial pressure. At 
low pressures the temperature behind the incident shock 
'Shock tube measurements are usually made in units of tarr. 
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,--INCIDENT SHOCK WAVE Table 1. Chemical species used in the calculations 
c* 0; C* O*' 
01 Cn C** 0"' 
CO CO, C+++ C 
co* 0 8  0- 0 
0: c- 0' e 
wave is varied from 2,000 to 40,000K, while tempera. 
tures behind the standing and reflected shock waves 
reach values up to 82,000K. At high pressures, however, 
smaller temperature ranges are covered; temperature 
increments vary from 200 to 1000K. 
II. Description of the Tables 
The tabulated computer results are presented in the 
Appendix. The tables are arranged in groups of constant 
initial pressure. Within the groups, the parameter varied 
is the temperature immediately behind the moving, nor- 
mal shock wave. At each temperature, a complete list of 
thermodynamic properties and species concentrations is 
given for the three shock-tube regions. 
Listed on the first line are T,, the temperature behind 
the moving shock, expressed in kelvins, and the moving 
shock velocity, expressed in units of km/s and ft/s. 
Below the first line is the thermodynamic block. The 
data in this block are arranged in four rows and seven 
columns. The rows are identified by the letters IC, MS, 
SS, and RS. The designation IC stands for initial condi- 
tions; the data in this row describe the conditions of the 
undisturbed shock-tube gas. The other designations, MS, 
SS, and RS, represent moving shock, standing shock, and 
reflected shock, respectively. Moving shock is also re- 
ferred to as the incident shock wave. The thermodynamic 
properties listed in the MS row are conditions behind 
the incident shock wave. When a model is placed in a 
shock tube, a standing shock is formed around it by the 
flow following the incident shock wave. The properties 
listed in the SS row are the conditions behind the normal 
portion of the standing shock wave. The RS row lists data 
behind the reflected shock wave. This region is formed 
by the reflection of the incident shock wave off the end- 
wall of the shock tube. The flow is brought to rest 
behind the reflected shock; thus, the properties in this 
region are the stagnation values. Various shock-tube 
regions are shown in Fig. 1. 
STANDING SHOCK 
STING SUPWRT AND MODEL INCIDENT SHOCK 
IC REGION. INITIAL UNDISTURBED SHOCK TUBE GAS BEFORE ARRNAL 
OF THE INCIDENT SHOCK WAVE 
a MS REGION. CONDITIONS BEHIND THE INCIDENT (MOVING) 
SHOCK WAVE 
@ 5s REGION. CONDITIONS BEHIND THE NORMAL PORTION OF THE 
STANDING WAVE FORMED AROUND A SHOCK TUBE MODEL 
@ RS REGION. STAGNATION CONDITIONS BEHIND THE REFLECTED 
SHOCK WAVE 
Fig. 1. Description of the shock-tube regions 
The columns in the thermodynamic block are identified 
by headings. The first column is temperature expressed 
in kelvins. The second column lists the density ratio 
p/p,, where p, = 0.00129233 g/cms (density of air at 
standard conditions). This is followed by the pressure 
ratio P/P,, where Po = 1.013 X lor N/mZ (1 am). The 
fourth column indicates the dimensionless enthalpy per 
unit mass (HM,/RT,), where H is the enthalpy per unit 
mass, Mo = 44.00995, which is the cold molecular weight 
of the gas, To = 273.15K, and R is the universal gas 
constant: 
R = 8.31470 J/K mole 
= 1.98726 cal/K mole 
= 82.0597 m3 atm/K mole 
The velocities immediately behind the moving and 
standing shocks, and the velocity of the reflected shock 
wave are enumerated in the fifth column. Following this 
the dimensionless stagnation enthalpy data (H.M,/RT,) 
are shown, where H, is the stagnation enthalpy per unit 
mass. Values for IC and RS are not tabulated since they 
correspond to the enthalpy entries in the fourth column. 
Entropy in dimensionless form (SM,/R) is tabulated in 
the final column. 
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Below the thermodynamic block is the species concen- 
tration block. Number densities are tabulated for the 
moving, standing, and reflected shock regions. The num- 
ber of species considered is varied with temperature and 
pressure by omitting species with negligible concen- 
trations. 
For example, at very high temperatures, polyatomic 
molecules are not listed because dissociation has re- 
duced their concentrations to negligible values. Likewise, 
at low temperatures, few ionized species are listed. 
For a detailed description of the parameters discussed, 
see Ref. 1. 
Ill. Accuracy 
The greatest uncertainties are in the concentration of 
minor species, such as electrons at low temperatures and 
molecules at high temperatures. Most of these species, 
however, have been omitted. The accuracy of the re- 
maining species is approximately 20% for temperatures 
from 20,000 to 25,000K and for pressures from 1.013 X 
lo5 N/mZ to 1.013 X lo4 N/mZ (1 to 10 atm). Accuracy 
drops at higher temperatures and pressures, but im- 
proves rapidly at increasingly lower temperatures. The 
calculation uncertainty is less than 5% at 15,000K and 
less than 1% at 10,000K. In general, the thermodynamic 
properties are much more accurate than the concentra- 
tions. 
Accuracy is only as good as the input data. Although 
the best data available have been used (Ref. l), better 
data may become available in the future; if they do, it 
may be possible, in some instances, to correct the present 
results. Assume, for example, that a better value for the 
heat of formation AH, of 0; becomes available. Then, 
the number density may be corrected by the following 
approximate equation: 
[0;1, = [Oil, exp - (AH, - AH,) /~T  
where the subscripts 1 and 2 refer to the old and new 
values, respectively, and k is Boltzmann's constant. This 
expression is most applicable to trace species where 
changes in their concentrations do not significantly alter 
the total gas mixture. 
A more detailed description of the accuracy of these 
results and the limitations of the computer program may 
be found in Ref. 6. 
IV. Results 
The computer results are tabulated in the Appendix. 
Besides the primary purpose of the tables, i.e., to provide 
shock-tube thennochemistry data, it should be pointed 
out that their usefulness is more general. For example, 
Mollier thermodynamic data and equilibrium concentra- 
tions are available from the tables at literally hundreds 
of temperature-density combinations. Another applica- 
tion is the free-flight problem. The properties behind the 
normal portion of the bow shock of a high-velocity blunt 
body are equivalent to the properties behind the moving 
shock in a shock tube. In the free-flight case, the initial 
condition (ZC) becomes the free-stream conditions, and 
the MS conditions are those of the bow shock. 
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Appendix 
Tabulated Computer Results 
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Table A-1. P, = 6.665 N/m2 (0.05 torr) 
cz 
1 2  
C" 
LO. 
c2. 
Ti- 
c, 
C Y i  
c 3  
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Table A-1 (contd) 
LONC6)lll lArlONI----P&RT7LLELICC 
S P E C I E  *OVIML I M O C I  
C 1  ".,(l*6ll L2 
02 0.s9170r L 1  
CO O . 2 6 s l O r  , I  
C". O.1bBltbE L, 
02. 0.&3VLlE LO 
02- 0_181+11 06 
c, O.l9l**E 08 
COI O . l i 8 l 6 , E  L2 
03 0.87277E 0% 
C- 0.11*166 08 
c. 0.11186E ,I 
0- 0.11101c LO 
0. 0.10110E 1, 
0.206121 16 
0.3lOl+E I 7  
I- 0. l5500E  1. 
JPL TECHNICAL REPORT 32-1408, VOL. V 
Table A-1 (centd) 
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Table A-1 (contd) 
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Table A-1 (contd) 
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Table A-l  (contd) 
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Table A-3. P, = 133.3 N/m2 (1.00 torr) 
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Table A-3 (contd) 
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Table A-4. P, = 266.6 N/mZ (2.00 torr) 
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Table A-4 (contd) 
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Table A-4 (contd) 
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Table A-4 (contd) 
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Table A-4 (contd)
T2---0.1050E 05 DEG K SHUCK VFL----0.10474E 02 KM/S ---- 0.34362E 05 FT/S T2---0.1250E 05 DEG K SHOCK VFL --. C11437E 02 KM/S ---- 0.37524E 05 FT/S
T EP DEG K RHORHO P/PO ENTHALPY VEL-KM/S STAG ENTH ENTROPY TEMP OEG K RHO/RHO P/PO ENTHALPY VEL-KM/S STAG ENTH ENTROPYIC .3000E 03 .3640E-02 .32-02 -. 6b89E 03 IC .3000E 03 .3640-02 .2632E-02 -1689 03
SPECIE MOVING SHOCK STANDING SHOCK REFLECTED SHOCK SPECIE MOVING SHOCK STANDINS SHOCK REFLECTED SHOCK
C2 0.29313E 15 0.17422E IS 0.IOOBE 1E5 C 0.64600E 48 0.595220E 1 0.30816E 1400 0 .1891 15 0.40540E 15 0.35817E 15 U2 0.6909OK 14 0.241hE 15 0.138590 15CO 0.290302E I 0.14457E 16 0.68837 15 CO 0.207190 16 0.43083E 15 0 T.12 E9 15COI 0.37584 15 0.14392E 16 0.1201E 16 CO 0.223SHCK 15 0.1STANDI76 15 0.61009E 1502E 0.10643E 14 0.49035E 15 0.5 7510 15 002 0.15117E 14 0.394681 15 0.395056 1502- 025742 11 0.99900 12 0.89631 12 02- 0179211 11 0.48191E 12 0.34708K 12
COO 0.455472 10 0.16897E 11 0.590321 I0 CO O.L9l65 E 11 0.29664 10 0.84317E 09C- 0.34373E 14 0.17528 16 0.20463E 16 C- 0.49666E 1 0.13236E 16 0.14117E 16C0 0.10093E 18 0.34492E 19 0.458251 19 C 0.25734E 18 0.38295E 19 0.40780E 19S 0.15334E1 0 0 1 C+6 0.17351E 12 0.17745E 16 0.7467RE 16
- 0.14692 15 06E  0..69798 16 0.70945 16 0- 0.24164E 15 0.5331E 16 0.52117E 16
0+ 0.12811E 17 0.28323E 19 0.49136E 19 0+ 0.61833E 17 0.41683 19 0.66381E 19O+t O.13973 05 0.49138E 13 0.502655 14 0++ 0.15630E 08 0.41520 14 0.36566E 15C 0.96397 18 0.32308 19 0.3061E 19 C O.74010E 18 0.130471 19 0.21022E 190 0.21384E 19 0.10527E 20 0.10372E 20 0 0.19513E 19 0.81011E 19 0.73346E 19
E- 0.11394E 18 0.62757E 19 0.94921E 19 E- 0.3915E 18 0.79960E 19 0.15261E 20
T2---0. 1100E 05 DEG K SHOCK VEL---- 0.10609E 02 KM/S ---- 0.35068E 05 FT/S T2---o.130OE 05 DEG K SHOCK VFL---- .11731E 02 KM/S ---- 0.3848E 05 FT/S
TEMP DEG K RHO/RH0OO P/PO ENTHALPY VEL-KM/S STAG ENTH ENTROPY TEMP 0EG K RHO/RHOO P/PO ENTHALPY VEL-KM/S STAG ENTO ENTROPYIC .30000 03 .36400-02 .2632E-02 -. 1689E 03 IC .30000 03 .3640E-02 .26320-02 -.16891 93MS .11OOE 05 .6002E-01 .4986E 01 .9335E 03 .10041 02 .0376E 03S 
.13E 32 S . 56300-01 .59 79 01 .1159E 04 .1097E 02 .164E 04 .8962E 3255 .19501 05 .365E8-00 .6961E 02 .1884E 04 .16341 01 .1910E 04 .926E 72 SS .2521 05 .3413-00 .78151 02 .22931 04 .1I1E 1 .2352E 04 .978200ERS .2159E 05 .40217E-00 .9497E 02 .235E 04 .1666E 01 .9622E 02 RS .2400E 05 .38781-00 .11E 0 03 .2722E 04 .1 64E 01 .105SE 33
CONCENTRATIONS---- PARTICLES/CC CONCENTRATIONS----PARTICLES/CC
SPECIE MOVING SHOCK STANDING SHOCK REFLECTED SHOCK SPECIE MOVING SHOCK STANOING SHOCK REFLECTED SHOCK
C2 0.1990E 15 0.13552E 15 0.770991 14 C2 0.44167E 14 0.43489E 14 0212285 1402 0.1420E 15 0.40720E 15 0.29174E 15 02 0.56019E 14 0.17627E 15 0.1004E 15COU 0.1008E 17 0.10903E 16 0.51242E 15 CU 0.12613E 16 0.30174 15 0.11970E 15CO+ 0.32836E 15 0.12646E 16 0.10369E 16 CO+ 0.19550E 15 0.68927E 15 0.48774F 15
02+ 0.1i710E 14 0 .4655 0.5339E 15 U2' 0.16289E 14 0.36459E 15 0.3436CE 1502- 0.23609k 1 0.84154E 12 0.73131E 12 02- 0.16275E 11 0.383171 10 0.2501CE 10CU2 .19026E 1 0.11094E 1 0.38408E 10 CO2 0.97106E 10 0.17662E 1l 0.44872E 09
C- 0.39290E 14 0.16407E 16 0.1 BB11 16 C- 0.51367E 14 0.12167E 16 O.1253SE 16C 0.13341E 18 0.35368E 19 0.46449E 19 C' 0.304E 18 0.393751 19 0.4970EF 19C+t 0.54974E 10 0.63716E 15 0.27649E 16 C+ 0.333b4E 12 0.25971E 16 0.10910E 170- 0.16664E 15 0.65789E 16 0.72331E 16 C- 0.23G12E 15 0.48661E 16 0.4489E 160+ 0.19588E 17 0.31111I 19 0.52717E 19 0 0.85744E 17 0.46127E 19 0.7194CE 190+ 0.10115E 06 0.81560E .13 0 79015E 14 01 0.65608E 08 0.75339E 14 0.66294E I5C 0.91662E 18 0.29807E 19 0.28064 19 C 0.68931E 18 0.20934E 19 0.18746E 190 0.20918E 19 0.99231E 19 0.96259E 19 0 0.19039E 19 0.74519E 19 0.65144E 19E- 0.15343E 18 0.66427E 19 0.99217E 19 E- 0.39049E 18 0.85576E 19 0.12183E 20
T2--- llSOE 05 DE K SHOCK VL ---- 0. 10918E 02 KM/S ---- 035819E 05 FT/S T2---0.1350E 05 DEC K SHOCK VCL----. 0120501 02 KM/S ----0.39533E 05 FT/S
TEMP DEG K RHO/RHO0 P/PC ENTHALPY VEL-KM/S STAG ENTH ENTROPY TEMP OEG K RHO/RHOO0 P/PC ENTHALPY VL-K/S STAG ENTH ENTROPYIC .300 03 .3640E-02 .2632-02 -. 1689E 03 IC .3000E 03 .36400-02 .2632-00 -. 1 90 03MS .1150E 05 .5883E-01 .5194E 01 .9812 03 .1024 02 .9856E 03 .8613E 02 MS .13500 05 .5576E-01 .63041 OL .131E 04 .116 02 .1237E 04 .9093E 3255 .1993E 05 .3607E-00 .7106E 02 .19701 04 .1670E 01 .1997E 04 .93960 0 SS .2170 05 .3363-00 ,8156E OZ .2406E 04 .1067E 01 .2460 04 .9929E 70RS .220SE 05 .41201-00 .97010 02 .2336E 04 .17060 01 .974E 32 RS .045E 05 .38060-70 .1100 03 .282 O* .1931 l .1031E 03
CONCENTRATIONS ---- PARTICLES/CC CINCENTRATIONS---- PARTICLES/CC
SPECIE MOVING SHOCK STANDING SHOCK REFLECTED SHOCK SPECIE MOVING SHOCK STANDING SHOCK REFLECTED SHOCKC2 O.13O2E 1s O.104bBE 15 0.58267E 14 C2 0.3112E 14 0.309860 14 0.139301 1402 O.10936E 15 0.33900E 15 0.233940 15 02 C0.45872 14 0.13468E 15 0.690DE 14CD 0.60577E 16 0.81548E 15 0.37487 15 CO 0.78517E 15 .S20501E 15 0.7411E 14
CU 0.28766E 15 0.110551 16 D.R8411E 1S CU' 0.17192E 15 0.56973E 15 0.3762 1502+ 0.12009K 14 0.44580 15 0.4096E 15 02 0.17439E 14 0.331040 15 0.28931F 1502- O.21571E 11 0.70989K 12 0.5.705 10 U- 0.14737E 11 0.295341 10 O.16963E 12CO02 0.84223E 1 0.744930 10 0.24313E 10 C02 0.50845E 1O 0.100231 I 0.01848E 09C- 0.43550E 14 0.15332 16 0.17220K 16 C- 0.5219T 14 0.11087E 16 0.10911E 16C' 0.17070E I 0.36272 19 0.47136E 19 C 0.35361E 18 0.405131 19 0.506371 19C: 0.17612 E1 0.87970E 15 0.374581 16 C+ 0.76494E 10 0.380921 16 0.171321 17
- 0.18514 15 0.61776E 16 0.65755E Ib 0- 0.4226E 15 0.47713E 16 0.374730 160- O.29854E 17 0.3419CE 19 0.56875E 19 0' 0.11628E 18 0.510801 19 0.7791E 190++ 0.62256E 06 0.13663E 14 0.1269BE 15 0++ 0.249410 C9 0.140860E 15 0.12619E 16
C 0.86318E 18 0.274631 19 0.256550 13 C 0.631621 10 0.18091E 19 0.1646E 190 0.20444E 19 0.93274E 19 8.00190 19 C 0.185501 19 0.67781t 19 0.56648E 19E- 0.20062 18 0.70419E 19 0.10395E 20 E- 0.469781E 18 0o91627 19 0.12857K 20
T2---H 10.OE 05 DEG K SHOCK VEL---- 0.11167E 02 KM/S ----0.36636E 05 FT/S T2---C.14CE C5 CEG K SHOCK VEL----C.123E8E 02 KM/S ---- C.NC E 05 FTI/S
TEMP DEG K RH/RHO P/PO ENTHALPY VEL-KM/S STAG ENTH ENTROPY TEMP CEG K RFE/ROC P/PC EKTFALPY VEL-KM/S STAG Eh1 ENTRICPIC .300 03 .340-2 .630- -. 1609E 07 IC .30EOE 13 .304K-2 .263E-C 2 -. IKEE 13MS .1200E 05 .57830-01 .5428E Ol .1034E 04 .1T461 02 :1039E 34 .8722E 72 P .14C E C5 .12E-CI .fS5E CI .131ICE 4 .11571 C2 .13171 C4 .9232 0255 .00411 05 .3535E-70 .7297E 02 .2066E 04 .711e 51 .20951 04 .951E ;1 $5 .22091 05 .33eE-0 .K524E C2 .1531E 14 .1S34E 01 .26C7 C4 .100SE C3RS .2264e 05 .4033E-00 .996E OZ .024S0E O4 .1751E 01 .907E 37 R5 .2583E 05 .3729E-00 .1174E 03 .C5 E C4 .2C14E C1 .I04BE C3
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"5 ..800E 0, .333P-00 .111ae $1 .>5z>E 03 .3+,'E 0 ,  . I ~ > Z E  m3 .373oe 0' 15 . I&Oo% M .1081~-00 .8 l l6r  01 .Lsl)E $ 3  ,57661 01 . l%rE 03  .$v+bE 02  
IS . W l %  0 1  .23O>E 01  .1139. 01 .+31+1 0 3  _19311 00 .+1qIL 0 1  . & z d E  0 2  IS .+alee 0' . i l 6 9 C  a t  . L I O I L  01 .10(111 03 . B L s l E  00 .>LT&E OI . 6 I > B E  02 
" 3 0 6 0 .LII.E 0 3  .523lE 03 . 7 8 l l E d O  _61*11 02  5 . IOlsB 03 .2+slE O L  . L I I I E  01 .601,1 Q3 .BLI+I 00 .b66lE Q Z  
#~* - -P .E ,  
I P I C l E  
c* 
D? 
co 
LO. 
01. 
02- 
CI 
cox 
0, 
c- 
c. 
* 
0. 
c- 
, A , c o ~ s - - - P . " 7 ~ c ~ F ~ ~ c ~  
SPECIE "nvlllr S W K  
CI O . L ( I B I L I  12 
01 O . l ~ l w e  L8 
co O.,II,PE is 
LO. 0.213111 11 
02. 0.2,LbBI 1 1  
"2- 0.691,Lll , I  
c, O.LP9IPE 00  
C O 1  o_*..,.e , I  
0 3  0.6169Se L1 
c- O.Llb*iE O(i '. 0 _ 6 > L I I E  12 
0- 0.160Q1r L, ". 0.1,8181 ,I 
O. IOB2LE Lb 
0_1201,1 19 
E- 0.613751 1' 
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110,'s---- 
ssrcnr 
TI 
01 
CO 
LO. 
02. 
(11- 
C 1  
C l l l  
0,  
C 
c. 
c- 
0. 
I- 
~ M c L " T l l T I O * s - - - P I I T , c L ~ I , c C  
SPECIE "011NC *nor< 
C1  0.a6929l 15 
nz 0.L2LIII 11 
LO 11.4111.1c I7 
LO. 0.,111)21 LL 
02. O . i B 8 O I E  1, 
02- O . L l l , 6 E  L 2  
CI 0.1l502l , I  
LO2 0.2190111 Lb 
(11 0.31.691 L L  
c- O . l l . L , T  I ,  
C* 0.11>11C 16 
c- 0.118?11 LI 
0. 0.1381101 15 
0-311111)E 18 
0.111311 I* 
E- 0.1116>1 L6 
I lO** - - -PU1 
1ve<te 
L I  
02 
CO 
LO. 
(12. 
"2- 
C1 
LO1 
0 ,  
c- 
C. 
* ". 
r- 
". 
LO 
CY. 
02. 
02- 
CI 
c02 
01 
T L O I ~ - - ? * s T I C L E I , C ~  
L P S l T  MOVING I a t r  
C i  0.29028E 16 
0 2  O.9Ol.Le I6 
CO o..oa,n 1s 
LO* 0.200261 ,I 
02. 0 . l l O 5 , E  ,I 
"1. 0.lli8,E L2 
c, O.2ltlal I, 
L O I  0.LllllE I& 
0,  O.PI6IIE I ,  
L- O.B6<56E I 3  
C. 0.899rnl L 6  
0- 0 . L X I I I I  15 
0. O . L L l ( 9 U  16 
O . I O O l ~ t  19 
0.60908E 19 
E- O . L I O B ( I I  17 
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Table A-6 (contd) 
T*--0.110006 0. 0.. I SHm" "EL----o..*.7,E 0 ,  KM,S ----0,2sO8,E m5 F,,$ 7*--.,.8aOoE 0 ,  DEG " I"DCl YeL---o.lllO,,r 01 "11,s ----0.111*.~1 01 F T l l  
10*S--PIRIILLLI,ct 
I P T C I I  MOVING ImLI 
C2 0 . 8 8 8 8 1  16 
02 0.16121E ,a 
CO 0.2'697E 19 
CO. 0 . lbOlLt  I* 
02. 0 . lb , l , r  ,I 
02- 0.75806E 12 
C, 0 .5955lE I, 
C"> O. l l7s l r  1, 
03 0.2l896E I ,  
c- O.l66>6E ,I 
c. 0 .494LIE I,  
0- 0.18119E 15 
0,  0.l.ll2f 1b 
0.187511 19 
O.ll,llU 19 
e- 0 . 5 3 L I l l  I, 
CONCIMIRhr IOIT- - -PA%'  
ISEClE 
( 2  
02 
co 
co. 
02. 
02- 
L, 
COP 
03 
P. 
TEMP OEL K LH01mH00 PlPD E N I W I I P Y  l E l - K M 1 3  IrlC ENIH ENTROPY T I # ?  O I C  1. 1 H 0 1 ( 1 H 0 0  P I P 0  I M T H I L P V  YLL-rn<l I7.C EUTH EUTROPY 
I L  .1(1001 0,  .11110s--01 . I , ,  61.01 -.L&BsE 01 I L  .10001 01 ,18211F.01 . l l l & E . O L  ..I6891 0 ,  
% 0 0 3 - 0 0  6 0  0 6 0 7 1 - 9  0 3  6 6  2 "5 ..l500E 01 .1083E-00 .19111 01 .69Gll 0 )  .8'001 01 .&911e 0 1  - 7 , l l l  02 
IS .L~ ISE 07 . ~ ~ I I E  01 .aosze 03 . L O > ~ E  01 . ~ m a e  ot  .IOIPE 06  TOE 02 11 .11(ax 03 .17esr o l  . m a r  03 . 0. . I  01 . n a ~  a, .ak,,r 02 
5 1 0 3 0 .2111bE 01 . L Z m E  06 .1287c 0 ,  .IB>LE 02 LL . 2 L l i C  O I  .2061E 0 1  .a11561 01 .119>1 0 1  . L I 6 O E  01 .a1221 Oi 
,,o"s----P.nT 
S P I C l E  
LI 
01 
LO 
LO. 
0 2 *  
02- 
63 
LO1 
0 ,  
6- 
L. 
0- 
0. 
L 
I- 
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Table A-6 (contdl 
~ - - ~  
COHC~WTL.TIONI----s.~TICLLIICC 
CO*CE*rR.,IONI----D.n,lCLll,CC 
I p e L ~ E  ~ r n l ~ r  SHOCK irrmwr s n m  ~ E F L E C T E O  wocr I s e c l c  NOVLHC I H O C X  111801N0 I M L I  R E S L E C l 1 0  WOW 
CZ . a 0.&1+06E Le 0.18612l 1& 
C 1  0.37Ll6E 16 0.2OI1,L I6 O.,l,s8E 10 
02 0.11015E LL O.ll09OE I1 0.96830l LI 
m> 0.25616L 16 0.IIOLlE l b  0.5359,z L e  
LO 0.195111 18 D_.ePe,l , I  0.19PllE L7 
CO O . L I 3 I I I  L8 O.LI8III 17  0.7#362E 16 
( O f  o..LDI(II  L6 0.L92581 L I  0.11121L 17 CO. 
o.,2o,,r Lb O . L l 3 l . E  I, O.LL'PII 17 
02. O....&II ,I 0 .  6 0 . l l l l S 6  Lb 
O l f  O.L32LPE L I  O.5ILI.C 16 0.651061 16 
02- 0.112.1E 11 O . b I 9 O I E  LI 0.661861 11 
01- O.LIIII1 ,I  D.,O'),9l  1, O + l ( l l G L I  L. 
tl 0.2,i.OL 1, O.L1O*BE I2 O.+ee6n , I  
c, 0.4012,E 12 0.15b10E 11 0.LZTIIe L L  
(02  0 . L O . B i l  L I  0.lleOIe L1 0.79832E t i  
to2 O . L O H I E  14 O.lsZn+E 12 0.11115E 12 
0 ,  O.LT~.PT I I  O . L I I I b E  L1 (1.109+31 12 0, o . I e 1 , I E  10 0.67lllE 11 0.46797e 11  
L- 0.210sle 11 0.293ZOl 11 0.38136E L I  
C- &.1116?1 L I  0.2022bE L I  O.3IBBZE LI 
c. 0.13111E L. O. IOLB*E 20 O.LI6BII PO 
C. 0.191YaI L B  O . L L L l O W  20 0.16112E 10 
c.+ O . ~ W > F  oe 0 . ~ 1 3 4 ~ 1  15 o.rax~*e l a  C. 0.1171111 11 O.18LI6I 10 0 . I 3 3 I O E  17 
0- 0.1219111 16 0.921231 11 O.ll56bF 18 
0- 0 0  1 0.(116801 I1 0.99993E > T  
0. o+LIIIII LT 0.7239% 19 0.I.O9(lf 1 0  
01 o . . ~ ~ B ~ E  11 O.LOIIIG 20 o.~aesrr l o  
Of' 0.161111 0 1  0.8.082E 13 O.LZBIII L I  
0.. 0.182811 06 0.611<21 LI 0 . 6 5 l b b l  15 
o.a+llrC L I  0.208LbE 20 O.lll7lE I 0  0.+1101. L'I 0.110111 I D  0.17L*St 1 0  
O . S S 5 I B E  Ls 0111111.1 1 0  0.576LOI 1 0  
0.9906LT Ls 0.+10a(11 PO O.+lablT 1 0  
E- o.LI11.E 18 O.LI13Z1 20 O . P B 6 6 I I  1 0  
E- 0.,16,11 L. 0.21.91s 20 0.111*11 2 0  
LO*CIIRI.,IO*I---PLL,ICLII,Lc LONCE*.RI I IONI - - - -PARTICLESIC< 
I P E L I I  MOYIU6 %HOCK I I 1 I O I N C  I Y O C l  REFLECTED Y t O C l  I P E C l l  "OYLHT I*OCI I T I I O I N C  I Y D C I  R E 6 L E C T I O  I"OCI 
C l  0.661031 1b 0.666181 16 0.2a1811 18 C2 0.273111 Lb 0.211601 16 0.1<01*1 1s 
02 O.4L368E 16 0.9111161 l b  0.1111111 1 b  01 0.101101 16 0.611181 L6 0.150011 10 
CL) 0.1$6811 111 O.PT24LT 17 0 . O l l l C  I7 CO 0.91001E 17 O . L l l l l t  I7 0.6I*LOI 1 6  
LO+ 0.38111E 1. 0.LSIIIE 11 0.l.917E L 1  TO+ 
0.181181 I(, O.LI9BOL 17 O.1OLbill 17  
02. 0.11141 15 0.51110E 16 0.7>8L&E L a  02' O . , I ,  I,* 1, 0.5ZL901 16 0.616,01 16 
O.L1I,.E L, 0.IIIIlE 11 11 .,.. 011 1. 02- 0.LOllll 13 O . > I e T I E  LI 0.12069E L I  
02- L, O.L,s,ll 1, .....I.. L L  0.29095c 1, c3 0 . 2 ~ 2 1 3 I  12 0.2+*Ose L L  0.(116011 LO 
coz 0..8,,61 1, O.,l9*.E La 0.Ll5lll 1 2  602 
O . I O I I > E  13 O . 1 2 L O I E  12 0.118'2E 1 2  
03  L I . L , ~ I O I  L L  0.l0ll6E 11 0.1'18191 L L  0 3  
0 . 5 ~ 2 9 9 I  10 0.IIIIIr L I  O+Ib3(l+l  L L  
C- 0 . 3 l s08E  L I  O .ZBIZ+E 0 0.368911 11 c- 0.1.1158 ,I 0 . I 5 O l l E  1 1  0.10.11111 L7 
C. O . ~ I P W E  t a  O . L O ~ W E  20 o . ~ r r s e ~  20 c. 
D.ls8OOT I 8  O . L 2 L ? I E  10 0.l6.99S 2 0  
C f l  O . L I 1 3 I I  10 0.141191 L6 O . I I P > I E  Lb L. 
. 1 0.112111 16 0.11200e 11 
0- ..,,I,, I L. O.B9,,,l 17  0.106111 111 C- 0.1I72$1 16 D . l l l l t l ' I l  0.112111 11 
ot o . z v v 6 s  11 o.aeseg~ l e  a.~ateer r o  0. O.?l*,,l ,I O.L,&2'I I  10 Q.10Z101 10 
0.. O . , , I  I,T 0s 0.loe.lc 1 4  0.26BZ,C 15 0.. 0.101121 01 O. ' l lbPLI  I *  0.9681101 11 
0.,1981C 1. O.,s,l2L 20 O . L 9 l > l l E  20 o..IblaE 19 O . L b O $ l l  20 O.Lblb3l 1 0  
O.LOOBI1 20 O.I(Q6IE 20 0.5+00LE 1 0  0.97111e 19 0.1'811E 10 0.G11291 PO 
I- 0 . 2  8 O.l'llt 10 0.3111111 1 0  L- 0.3.011e l a  0.131411 10 0.56b111 2 0  
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Table A-6 (wntd) 
TEMP D I G  i RH01RH00 P l P O  EMTHlLPV VEL-XWS SThC E l Y R  E N l 1 D I I  T l l P  OTT r LH0,llHliO P l P O  EN1H1197 Y C L - I I W I  STAG I * T H  E l Y L - O I I  
IC .)OOOL 01 .L82OI-OL .L316I-I)I -.I&L19E 0 ,  l C  .>OWL 01 .18201-OL .I ,> be-01 -.16*9E 03 
"I .I15aE 05 .Z&b6E-08 . I W E  01 .lI)SOk OI .\ObLC 02 .LOBbI * I  .Bi8*L 02 "1 .1300E 05 .211111-00 .11161 0 1  .11&0e 0 1  .L121E 02 .L2%L O I  .B171E 02 
15 .2112e 01 .,I111 01 .,.,OE 0 3  .2,,8I O+ .1872E 01 .PLIOI 0. . l 9 6 l E  01 $5  .2ILlE 01 .,+.,E 01 . l , l E  0,  .14* ,1  o+ .20L,I 0 ,  ,2181 01 .'2I*E 01 
11 .10301 01 .11+01 01 .L19&E 0 ,  .1161e 0 1  .I9191 01 .?296E 02 R I  .2811(E 01  .I6501 01 .12lllt 01  .1'11E 0 1  ,20881 01 , 9 6 2 X  02 
T,ONI----sA"'LLLEIIw 
IIE'II " O Y I I C  SHOCK 
c1 o.aqaear 1 3  
01 O.° , lb lE ,I 
LO 0.11.19E ,I 
m. O . L ~ = L I E  i a  
a>+ 0.1118811 1 5  
02-  0.791611 12 
c3 o.,9755c 1, 
LO2 0.12LBll  12 
n, 0.22+,1E 10 
c- 0.79169E 15 
C' 0.101651 19 
c. o.n*eoe 11 
c+ 0.10108e 16 
0. 0.ll6L.S 18 
0.. 0.12'1,01 O P  
0.I598LI 19 
O.8PbOPE 1" 
I- O.L>>11E 19 
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Table A-6 (contd) 
ON*----P.&l 
I P E L l l  
cz 
01 
CO 
(0 .  
D l .  
01- 
c, 
C02 
03 
c- 
C* 
C. 
C... 
0- 
0. 
0.. 
o.. 
e-  
cWLEMIATLO*5-- - -Pi \RT,TLE~,cc 
I P T C I e  10V IN6  I Y O C l i  
c z  0.1l90lE 11 
OZ O . L 3 t B I E  I I  
CO 0.29lrOG I5 
CO. O . I L I I I *  1% 
01* 0.2211011 LS 
02-  0.Ilao&e , I  
c, O.57LT11 ae 
co2 O.Ll l , lbr  LO 
0 3  0 . L 6 l l 9 l  0' 
C- O.6993bE 2 7  
C' 0.2II26E 19 
c.. 
C. 
0.89166E 15 
(1.12l l lE 07 
0- O.1OIB.E 16 
0. 0.111111 19 
0.. O.Lll86t 11 
o... 0.>,69DE 01 
* . 19978 l  LP 
O . labrB I  LP 
E- 0 . I I I W E  ,'I 
IIO"I----PAal 
I I l C l r  
cz  
02 
CO 
L". 
02. 
01- 
c3 
coz 
03 
c- 
Cf 
c. 
L.. 
* 
0. 
0.. 
o.. 
E- 
LO*C~NTR,,IOIII----I  
S P E C I E  
C 1  
01 
(0 
co. 
02. 
02- 
c, 
LO2 
0 3  
c- 
C* 
C*. 
C*.. 
I C L E l l C C  
*O",*C I Y O C I  
O.1PTlOE 1, 
0.60111E I' 
0.e9011r 11 
0.29652E I 7  
0.L18'0E ,I 
O . L O I 5 3 T  I2 
0.s1112l  0 1  
O.lsl76E 0'1 
0.111211 0 8  
O.I IB02r 1% 
O.,ORIOE 19 
0.13811e 16 
0.,2s,,r 0.1 
0.1,011E 16 
O.LO,B,E I -  
0.L221.I ,I 
0.a11111 01 
O . L L B O * I  19 
O.&b855E 19 
D.II,IOC I.) 
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Table A-6 (contd) 
r2---0.2*001 05 OLG I. IWOLI YII----O.l7872T 02  i e l f  ---0.5863ll O I  F1<1 11---0.1(1001 01 OLE I 1 H I l C l  YGL---0.196.)7E 01 In11 ----O.M&22T (1s F111 
c- 
C. 
C.. 
c*.. 
C... 
0- 
0. 
0.. 
01.. 
I- 
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Table A-7. P, = 6665 N/mZ (50 torr) 
C M L I N T % l T I O N L - - - - P A R T I T I I T I L L  
ISPCIE * o l l * D  I Y O C l  
(2 0.7,5,,E.O& 
w2 O.tl0'6l 18 
CO 0.623Lll LI1 
CO. D . > L 2 i O l  01 
02. O.LTaIae 06 
cox O . L 1 2 l 8 t  10 
0 3  O. Is l ' l 6 l  10 
O.L66IW 01 
0.211111 16 
*-  O.LIII6I O& 
COICENIR.TIONI----PARTICLeI#Cc 
I P E C l l  " O l l l C  I"0Cl ( 2  0.1*613E 0, 
01 LI.173I81 I9 
LO O.>ILIaIE 19 
LO. 0 . 6 I l l ~ t  0& 
01. o..aaa*c a9 
C02 O.LB,l"E PO 
"3 0 . 8 6 7 8 1 E  L Z  
D.19LIOr 0 7  
O.LN121E I 8  
E- 0.484<+1 OP 
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Table A-7 ( c o d )  
CO*CEmRLTIOUs- - - -P lRr lCLEI , (L  
I P s C l l  *OVI.C I * D < l  
L t  0.91219C 09  
02 0.7081-E 19 
CO 0+2,.a&I 20 
CO. 0.16108E I >  
01. O . L , i l a r  I ,  
02-  0.116061 12 
Cl LI.1.91br 07 
roz 0 .a le lbE  19 
0 3  O. l1 , ,1E  1' 
<- 0.1102>1 06  
c. O.L l9b l iE  09  
0- 0.2110(1E L ,  
(I. 0.lIlOIE 11 
O.LOP, * I  I ,  
O . L O l l b l  20 
I- 0.106391 11 
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Table A-7 (contd) 
RBPLETTTO Y (0C I  
0.1b6741 I $  
0.18102E 1 9  
0.61325f 2 0  
O..*D12E 111 
0.2331lE 1 1  
O.+lll~E 16 
O.,Llllr I 6  
O.LOP8IE LII 
( I .L I I a6E  L I  
0.739811 L I  
O.*L.III LP 
0 . I . I S l l  L B  
0.516111 1 8  
O.LO7PBE 2, 
o.zqoa*E i l  
Q. IO ,LBT  I.) 
Ti---O.58OOr OI OEC % I X O C I  YPL----0.60773E 01 K*15 ----O.LlsleE 01 F716 T f - - - O . l 5 o O l  0 ,  O I C  I I H O C l i  VBL----O.b,OLII 0 ,  *a11 ----0.219116e 0 1  F716 
cONCIA,R.TlO"s----~.~,,cLLI,cL 
IPlCll M Y V I I C  %HOCK 
c2 O . I I * , O L  L1 
01 I I . L L l ' 5 l  l 9  
LO O.>llOlt 2s 
LO- 0.30>801 15 
02. O.ZLI,&C 15 
Dz- 0.31171e 13 
O 0 . 1 1 2 l l E  10 
En2 0.322DIP 1 B  
0,  D.L,,OIE ,I 
L- O.L>LL6E L i  
C +  0.919501 L3 
0- 0 . l 1 l l l l E  , I  
Of 0.ll578E L I  
0 .120011 11 
0.Z,&Z3T 20 
e- 0.63,l.E l 3  
JPL TECHNICAL REPORT 32.1408. VOL. V 
Table A-7 (contd) 
10"1----P,l, 
I V I L I I  
cz 
01 
CO 
co. 
01. 
01- 
C, 
COP 
0,  
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Table A-7 (contd) 
01 
co 
LO. 
01. 
02- 
r l  
I.01 
01 
c- 
C. 
C*. 
0- 
0. 
art  
cOtC~III11IO~l----~.lTIcIET,CC 
IslClr "OYINC SYOCL 
C l  0.1111511 11 
01 0.L11811 17 
<a @.100+PC 28 
CO. 0.1b11)11 11 
02' 0.1$2981 16 
0.1<603E I' 
C 1  0.131911 12  
0.812311 12  
<02 01 0.L2II.S , I  
c- 0 . l l . d l l  17 
C* 0.+21111 19  
r*. O . l , , l ~ r  i. 
0- 
0. 
0.11603E 11 
a+. 
0.171681 19 
0.IIOLLI I ,  
O . L I O I , I  20 
0.1100t l  20 
r- 0.59212e 1') 
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NASA - JPL - Coml., L.A.. C d i f  
